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January 16, 1991 

Environmental Protection Agency 
Document Processing Center (TS-790) 
Room L-100 
Office of Toxic Substances 
401 "M" Street s.w. 
Washington, D.C. 20460 

W.R. Glace. Co. -<:orr. 
7379RouM32 

Columbia. Malyland 21~ 

(~1)531-4331 
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Attn: Health and Safety Reportin~ Rule (Notification/Reporting) 

Please find attached 8 (d) heal •, and safety reports fo::-
mixtures processed containing toluene ~ ,...cyanate (CAS #26471-
62-5), 4,4-Diphenylrnethane diisocyanate *101-68-8) and 
1,6-Diisocyanatohexane (CAS *822-06-0). G~Qce is submitting these 
reports for late filing sine~ their submj.ttal may have been subject 
to the isocyanates 10-year call-in of June 1, 1987. 

We have reason t~ believe that some of these reports may 
have previously been submitted to EPA as attachments to PMN 
submissions. However, Grace is filing them as a precautionary 
measure to insure EPA's receipt. 

These reports are being submitted for: 

A:\JR91-013/lw 

Attachments - 20 

w. R. Grace & Co.-conn. 
Washington Research Center 
7379 Route 32 
Columbia, MD 21044 

Since:.:ely, 

.;}- ,-l / 
J .. ,w .' -~::~~~-

86911111638 
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PREFACE 

This report contains a s~ary of the dat~ compiled during the evaluation 
of the test compound. The report is organized to present the results in 
a concise and ~asily inte·,·pretable manner. The first part tonteins Items 
I-IX. Items I-IV provide sponsor and test articl~ identificttion infor­
mation. type of assay. and the protocol reference number. Item V provides 
the initiation and completion dates of the study. Item VI identifies the 
supervisory personnel. Item VII indh.ates the tables and/or figures 
containing the test results. The interpretation of the result~ is in Item 
VI~I. Item IX provides the conclusion and evaluation. 

The second part of the report describes the study design. which includes 
the materials and procedures employed in conducting the assay. This part 
of the report also contains evaluation criteria used by the study director. 
and any appendices. 

All test and control results presented in thi5 report are supported by 
raw data which are permt.nent1y maintained in the files of the Department 
of ~olecular Toxicology or in the archives of litton Bionetics. Inc ..• 
5516 Nicholson Lane, Kensington. l~aryland 20895. 

Cop·ies of the raw data will be suoplied to the SJ:Onsor upon request. 

The described stud} was performed in accordance with Good laboratory 
Practice regulations except if noted to the contrary. lo the best of 
t.ht signer's knowledge there were no significant deviations from the 
Goud Laboratory Practice regulations wh1ch affected the quality or 
integrity of the study. 
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I. SPONSOR: W.r. Grace & Co . 

II. MATERIAL (TEST COMPOUND): GENETICS ASSAY NO.: 5918 

A. Identification: Liquid Prepolymer 11664-99-4 

B. Date Received: September 24, 1981 

C. Physical Description: Viscous, pale-yellow liquid 

I I I. TYPE OF ASS~Y : Mouse Lymphoma Forward Mut·.tion Assay 

IV. ASSAY DESIGN NUMBER: 431 

V. STUDY DATES: 

A. Initiation : September 28, 1981 

6. Completion: December 14, 1981 

\'I . SUPE R\'lS ():'·\ PER SONr\::L : 

1-.. Study 8i rector: ~a r ia 1-. . Cifone, Ph.D. 

(). ·· Laborato ry Supe rvi so r: Jane Fisher 

VII. RES UL TS: 

The data are presented in T~blf~ 1 and 2 on pages 4 and 5. 

VII I . INT ERP RE TAT ION OF RESULTS : 

The test material, liquid prepolymer 11664-99-4, was immiscible with 
water at 100 ~ 1/ml but formed a clear colorless solution with dimethyl­
sulfoxide {DMSO) at the same concentration. Dimethyl sulfoxide was 
therefore chosen as the solvent and just prior to each testi~g purpose, 
stocks were prepared by performing serial riilutions in DMSO. The test 
material appeared soluble up to a concentration of 0.977 nl/ml. Con­
centration~ from 1.95 nl/ml to 1000 n1/ml had a cloudy color and a 
white precipitate. The ~recipitate increased with increasing concen­
trations of test material. 

Three trials of the muta~ ion assay were perfonmed but the third tr1al 
was initiat~d only in the presence of metabolic activation. In Trial 
1, the final assay plates contained precipitated test material and 
accurate colony counts were not possible. Therefore, Trial 1 was not 
used to evaluate the test material. In Trials 2 and 3, precipitated 
test material was removed (by selective centrifugation) prior to cloning 
the assay. This procedure is described in the Protocol Change Sheet, 
Item 3. The results from Trials 2 and 3 are presanted in Tables 1 and 
2 in the order th~y were performed. 



VIII. INTERPRETATION OF RESU LTS: (continued) 

Under nonactivation conditions, the test material was assayed (Table 
l)from 200 nl/ml to 1000 nl/ml. In order for a treatment to be con­
sidered mutagenic in this trial, a ruutant frequency exceeding 
55.2xlo-6 was required. None of the asstyed treatments induced mutant 
frequencies that exceeded the minimum cr~terion. The assayed treatments 
induced moderate and high toxicities (relative growths. 86.0% to 40.2%.) 
and the toxicities did not always relate to the applied concentrations. 
This is often seen with insolubl~ test materials and indic~tes a 
variable interaction of the test material wit~ t~e cells. Higher con­
centrations were not assayed because the testing limit of 10 ~1/ml h~d 
been reached and the test material was insolub~e in th~ medium. The 
test material was therefore considered nonmutagenic in this assay with­
out ~ctivation. 

In the presence of S9 activation, th~ test material was a1so assayed up 
to the testing limit of 10 ul/ml. The relative growths ranged from 
109. L, to 59.2 ~, which demonstrates, at most, moderate t'>xicity. Again 
higher concentrations were not assayed because of the insolubility of 
the -test material and the testing limit of the assay. The minimum 
criterion for mutagenesis in this assay was a mutant frequency exceeding 
85.0).10- E. Two treatmen ·~s induced mutant frt::quencies that were signi­
ficuntiy Jbove the background (av~rage of solvent and untreated control 
mutant frequen cies ) . However, there were not sign1ficant increases in 
total mutant clones nor dose-dependent incr~a3es in the mutant frequency. 
Another assay with activation was therefore 1nitiated. 

In the activation trial presented in Table 2, th~ test materirl was 
assayed in duplicate from 600 nl/ml to 1000 nl/ml. Moderate and non­
toxic treatments were observed (relative growths, 102.4% to 50.0%). 
In order for a treatment to be considered mutagenic in this assay, a 
mutant frequency exceeding 85.3x,o-6. Nonf of the assayed treatments 
induced mutant frequencies that exceeded the minimum criterion, there­
fore, the test material was considered nonmutagenic in this assay. 

The average cloning efficiencies for the solvent and untreated negative 
controls varied from 76.0~ without activation to 76.2% and 84.5% with 
activation ~ich demonstrated good cloning conditions for the assays. 
The n~gative control mutant frequencies were all in the normal range 
and the positive control comprunds yielded normal mutant frequencies 
that were greatly in excess of the background. 

w BIONETICS 
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IX. CONCLUSIONS: 

The test material, liquid rrepolymer 11664-99-4, did not induce 
~peatable increases in the mutant frequency at the TK locus in 
l5l78Y mouse lymphoma cells. The test ~terial was assayed up to the 
testing limit of 1000 ·nl/ml and induced, at most, MOderate toxicities 
with and without metab~lic activation Smal~ increa~es in the ~tant 
frequency were observed with activation (la~le 1) but they were not 
accompanied by increases in total mutant clones and we,.e tlot repeated 
in a second assay (Table 2). The test ~~t!rial is therefore con­
sidered inactive with and without rat liver 59 activation in the 
Mouse lymphoma Forwa ~·d Mutation Assay. 
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ASSAY DESIGN NO. 431 

CHANGE SHEET 

1. The dosage selecti~n portion of the Assay Design (Part 4.A) was not 
performed as a separate, preliminary cytotoxicity test as was usually 
done for previous studies. Instead, dose selection became an integral 
part of the mutation assay by the use of the range of concentrations 
~·ormally emp,oyed in the preliminary test. Uore ofte!'l than not, a 
suitable numt·er of treatments will be available for mutant analysis, 
but if not, a second trial with an adjusted dose range for either 
activation te~t condition would then be initiatP.d. This procedure 
appears to be more efficient in time and materials and is under serious 
consideration of becoming standard procedure. 

2. The concentration of Fischer 344 Aroclor-induced rat liver S9 microsomal 
activation mi>. was reduced from 0.5 ml per 10 m·l 3Ssay to 0.3 ml per 
10 ml. Due to the variable nature of different batches of rat liver S9, 
adjustment of the concentration is sometimes necessary. The reduced 
concentration resulted in positive control mutant frequencies that were 
in keeping with the historical data. 

3. Precipitated test material was present in the final assay plates and 
interferred with counting the colonies. A proced~re for removing the 
precipitate u~ing Lymphocyte Separation Medium (LSt1) was used. The 
techniques involved are as follows: 

a. Forty-eight hours ~fter treatment, the cell density of each samplt 
culture was determined oy the usual method. Then the results were 
centrifuged at 800 rpm for 10 minutes. Afterwards the supernatant 
was removed from each culture tube by aspiration. 

b. Separation tubes were prepared at room temperature with 3.0 ml of 
LSf~ per tube. 

c. Each cell pellet from step a was resuspended in 4.0 ml of Oulbecco's 
PBS, lX, and carefully layered on top of the LSM in the corresponding 
separation tube. 

d. The separation tubes were then centrifuged at 1400 rpm for 30 
minutes. Following centrifugation, tl•e upper layer of saline was 
remcved by asp~ration,down to within 0.5 inch of the interface of 
PBS ahd LSM, and discarded. 

e. The 0.5 inch of liquid above and below the interface was carefully 
removed with a pipet and transferred to a sterile cultut~ tube. 
(This layer normally contains tt.e lymphoma ce115J The remaining 
contents of the separation tubes, containing most of the precipitate, 
were discarded. 

f. Complete culture medium was added to the tubes in which the cell 
layer had been pl1ced up to a total volume of 10 ml per tube. 



ASSAY DESIG~ NO. 431 (continued) 
CHANGE SHEC 

g. The tubes were centrifuged at 800 rpm for 10 minutes, and then 
the media was removed by aspiration. The cell pellets remaining 
in the tubes were resuspended in complete medium. Then the cell 
density of each sample was redetermined prior to the cloning 
process. 
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ASSAY .DtsiGN (NO. A31 ). 

1. OBJECTIVE 

The objective of this study is to evaluate the test material for its 
ability ~ induce forward mutation in the L5178Y TK+/- mouse lymphoma 
cell lin~, as assessed by colony growth in the presence of 5-bromo-2'­
deoxyuridine (BrdU) or 5-trifluorothYmidine (TFT). 

2. RATIONALE 

') 

-'• 

Thymidine kh1ase (TK) is a cellular enzyme that allows cells to salvage 
thymidine from the surrounding medium for use in DNA synthesi~. If a 
thymidine analog such as BrdU is included in the growth medium, the 
analog will be phosphorylated via the TK pathway and be incorporated 
into DNA, eventually resultin9 in cellular death. Cells which are hetero­
xygous at the TK locus (TK+/-) may underg~ a single step forward mutation 
to the TK -/-genotype in which little ot· no TK activity remains. Such 
mutants are as viable as the heterolygotes in noMmal medium because DNA 
sy!'thesis proceeds by de novo synthetic pathways tha ·t do not involve 
thymidine as an intermediate. The basis for selection of the TK-/­
mutants ~s the lack of any ability to utili~e toxic analogs of thymidine, 
wh)ch enables only the TK-/- mutants to grow i~ the oresence of BrdU. 
Cells which grow to form colonies in the presence of BrdU are therefore 
assumed to have mutated, either spontaneously or by the action of a test 
substance, to the TK-/- genotype. 

MATERIALS 

A. Indicator Cells 

The mouse lymphoma cell line, L5178Y TK+/-, used in this a~say is 
derived from the Fischer L5178Y line of Dr. Donald Clive. Stocks 
are maintained in liquid nitrogen and laboratory cultures are pt ·iod­
iciJ lly :~ ·!eke~ for th~ absence of mycoplasma contamination by 
culturing methods. To reduce the negative control frequency (spon­
taneous frequency) of TK-/- mutants to as low level as possible, cell 
cultures are exposed to conditions which select against the TK-/­
phenotype (exposure to methotrexate) and are then returned to noMmal 
growth medium for three or mc1re days before use. 

B. Media 

The cells are maintained in Fischer's .ouse leukemia Medium supple­
mented with L-glutamine. sodium pyruvate, and horse serum {lOS by 
volume). Cloning medium consists of 'he preceding growth .edium 
with the addition of agar to a final concentration of 0.351 to achieve 
a semisolid state. Selection medium is cloning medium containing 
100 ~g/ml of BrdU or 3 ~g/ml of TFT. 
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3. MATERIAL5 (contir.ued) 

C. Control ComkJUnds 

1. Negative Controls 

A negative control consist~ng of assay procedures performed 
on untreated cells is performed in all cases. If the test 
compound is not soluble in growth medium, an organic solvent 
(normally DMSO) is usedi the final concentration of solvent 
1n the growth medium will ~ lS or less. Cells exposed to 
solV'!nt in the 111-::Jium are also assayeo as the solvent negative 
con! '"o' .:) determine any e-: .. fects on survival or Rltation caused 
by the ! 1 vent alone. For test subr.tances assayed with activa­
tion, the untr~ated and solvent negative controls will include 
the activation mixture. 

2. Positive Controls 

Ethylmethane sulfonate (EMS) is highly mutagenic via alkylation 
of cellular DNA and will be used at 0.5 ~1/ml as a positive 
control for nonactivation studies. 

Dimethylnitrosamine (DMN) requires metabolic activation by 
microsomal enzymes to become mutagenic and wHl be used at 
0.3 ~ 1/ml as a positive control for assays performed with acti­
vation. 

D. Sample Fonr.s 

Solid materials are dissolved in growth medium, if possible, or in 
DMSO, unless another solvent is requested. Liquids are tested by 
direct addition to the test system at predetermined concentrations or 
following dilution in a suitable solvent. 

4. EXPERIMENTAL DESI~N 

A. Dosage Selection (Cytotoxicity testing) 

The solubility of the test chemical in growth medium and/or DMSO is 
first determined. Then a wide range of c~ical concentrations is 
tested for cytotoxicity, starting with a maximum appli~ dose of 10 
mg/ml for test chemicals soluble in med1a or l mg/ml for solutions in 
organic solvents. After an exposure time of four hours, the cells are 
washed and a viable cell count is obtained t~e next day. Relative 
cytotoxicities expressed as the reduction in growth ca.pared to the 
growth of untreated cells are uted to select seven to ten doses that 
cover the range from 0 to 5D-90S reduction in 24-hour growth. These 
selected doses are subsequently applied to cell ~ ·ltures prepared 
for mutagenicity testing, but only four or five of the doses wlll be 
carried through the mutant selectinn process. Th~s procedure compen­
sates for daily variations in cellular cytotoxic·lty ftnd ensures the 
choice of four or five doses spaced from 0 to So-90S reduction in 

[8 cell growth. 

IIONETI~S 
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B. Mut!genicity Testing 

1. Nonactiv~tion Assay 

The procedure used is based on that reported by Clive and 
Spector (1975) and is sumn~rized as follows. Cultures ex­
posed to the test chemical for four hours at the preselected 
doses are washed and p14ced in growth medium for two or three 
days to allow recovery, growth and expression of the induced 
TK-/- phenotype. Cell counts are determined daily and appro­
priate dilutions arc made to allow optimal growth rates. 

At the end of the expression p~riod, 3 x 106 cells for each 
selected dose are seeded in soft agar plates with selection 
medium and resistant (mutant) colonies are counted after 10 days 
incu~ation. To determine the actual number of cells capao~e of 
ionming colonies, a portion of the cell suspension is also 
cloned in normal medium (nonselective). The ratio of resistant 
colonies to total viable cell number is the mutant frequency. 

A detailed flow diagram for the mutation assay is provided in 
Figure 1. 

2. Activation Assay 

The activation as.:;ay ':an be run concurrently with the nonac iva­
tion assay. The only difference is the addition of tne S9 
fraction of rat liver homogenate and necessary cofactors (CORE) 
dur~ng the four-hour treatment p~riod. CORE consists of NADP 
(sodium salt) and isocitric acid. The fi~al concentrations of 
the activation system components in the cell suspension are: 
2.4 mg NADP/~1; 4.5 mg iso~itric acid/ml; and 50 ~1 S9/ml. 

3. S9 Homogenate 

.A. 9,000 x .9.. supe .. uat:mt pt·E-pared from Fischer 344 adult male 
rat liver induct!d t. :1 Aroclor 1254 (described by Ames et al., 
1975) is purchased from BJ,onetics laboratory Products, 
Litton Bionetics, Inc. ana used in this assay. 
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5. REPORT 

The screened doses, cell counts, and mutant and viable colony counts 
will be entered into a computer program. The results are analyzed 
and printed. 

The suspension growth of each culture is calculated as (Day 1 Cell 
Count/3} x (Day 2 Cell Count/3} x (Day 3 Cell Count/3} when the cultures 
are split back to 3 x 105 cells/ml after the daily count. If the 
cell count is less than 4 x 105 cells/ml, the culture is not split 
back and the cell count is substituted for 3 in the denominator 
of the next daily count. In most assays, 3-day expressions are not 
u5ed, so only the first two factors 1n the preceding calculation are 
used. The suspension growth ~ - c8lculated for each solvent control 
and then averaged. Relative suspension growth values r.re derived 
by dividing the suspe sion growth values by the average solvent 
control value and multiplying by 100%. 

The average cloning efficiency for the negative controls in an assay 
is the average number of viable colon~e~ for the solvent and untreated 
controls, divided by 300 and m•~ltiplied by 100~. In the computer 
tables, the cloning efficiency of each culture is expressed relative 
to the averag~ solvent control cloning efficiency. Whenever the number 
of cells seeded for viable colony counts differs from 300, the computer 
calcu lation of the relative cloning efficiency is adjusted by the 
factor (300/ cells seeded). · 

A percent re1at.ve growth value is calculated as (relative suspension 
growth ) x (relative cloning efficiency/100). Corrected values for 
the relative ~lo,ing efficiency are used in the cases where the 
number of cells seeded for viable colonies differs from 300 

The mutant frequency is calculated as the ratio of mutant colonies to 
viable colonies times 10- 4 • This calculation is unaffected by char~~es 
in the number of cells seeded for viabie count because the number of 
cells seeded for mutant selection is changed by the same factor. 
Thus, as an example, if 250 cells are seeded for viable count, 2.5 x 
10c. cells are seeded for mutant selection; the 10-4 factor l"emains 
constant. 

6. REFERENCE 

Clive, D. and Spector, J.F.S.: Laboratory procedure for assessing 
specific locus mutations at the TK locus in cultured L5178Y mouse 
lymphoma cells. Mutation Res:, 31:17-29. 1975. 
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ASSAY ACCEPTANCE CRITERIA 

An assay wi)l normally be considered acceptable for evaluation of 
the tes·: results only 1 f all of the criteria given below are satisfied . 
The a~~ivation and nonactivation portions of the mutation assays are 
usually performed concurrently, but each portion is in fact an inde­
pendent assay with its own positive and negative controls. The acti­
vation or nonactivation assays will be repeated independently, as 
needed, to satisfy the acceptance and evaluation criteria. 

1) The average absolute cloning efficiency of the negative controls 
(average of the solvent and untreated controls) should be between 
70: and 130~. A value greater than lOOS is possible because of errors 
in cell counts (usually± lOS) and cell division during unavoidable 
delays between the counting and cloning of many cell cultures. Cloning 
efficiencies below 70: do not necessarily indicate substandard culture 
conditions or unhealthy cells. Assay variables can lead to artificially 
low cloning efficiencies in the range of 50S to 70S and still yie1d 
internally consistert and valid results. Assays with cloning efficiencies 
in this range are cond i tior.ally acceptable and dependent on the scientif1c 
judgement of the study director. All assays below so: cloning efficiency 
are unacceptable. 

2) The solvent and untreated ~egative controls normally have the same 
growth rates and cloning efficiencies within experimental error . An 
unusual effect by the solvent therefore ind1cates an abnormal cell 
state or excessive amount of solvent in the growth medium. An assay 
will be unacceptable if the average percent relative growth of the 
solvent controls is less than about 70S of the untreated control value. 

3) The minimum acceptable value for the suspen~ion growth of the.average 
negative control (averagf of the solvent and untreated control values) 
for two days is 8.0. Lower values will render an assay unacceptable for 
evaluation because of the high frequency of unreliable measurements for 
both the induced mutant frequer.cy and toxicity of a given treKtment. The 
value of 8 corresponds to three population doublings over the 2-day ex­
pression period. The most desirable ran9e for the negative control !~s­
pens1on growth is 12 to 25, since the cells are capable of a 5-fold 
increase in number under optimal growth conditions for 24 hours. 

4) The background mutant frequency (average frequency of the solvent and 
untreated negative cont~ls) is calculated separately for concurrent acti­
vation and nonact1vat1on assays, even though the same population of cells 
is used for each assay. The activation negative controls contain the 59 
activation mix and typically hive a sOIIIWhat higher II'UUnt frequency thatt 
the nonactivation negative controls. For both conditions, the nor.el range 
of background frequencies for assays performed with different cell stocks 
is 5 x lQ-6 to 50 x lQ-6. Assays with backgrounds outside this range are not 
necessarily invalid but will not be used as ori~ry evidence fftr the eva­
luation of a test .aterial. These assays can provide su~porting evidence. w IIONmcs 



5) A positive control is included with ea:h assay to provide confider.ce 
in the procedures used to detect .utagenic activity. The n~r.el range 
of mutant frequencies induced by 0.5 ~1/ml EMS (nonact1vat1on assay) 
is 300 to 800 x 10·6 ; for 0.3 ~1/ml DMN (activation assay) the normal 
range is 200 to 800 x 10-t. The concurrent background frequencies have 
been subtracted from these values. These ranges are broad primarily 
because the effective treatment with these agents is variable between 
assays. An assay will be acceptable in the absence of ~ positive 
control (loss due to contamination or technical error) only if the test 
mat~rial clearly shows mutagenic activity as described in the evaluation 
criteria. Jf the test material appears to have no or only weak muta­
genic activity, an acceptable assay must have a positive control Qttant 
frequency above the lower limits of the norm~l range. Assays in which 
the nonmal range is exceeded may require further interpretation by the 
study director. 

6) For te~t materi~ls with little or no mutagenic activity, an assay 
mu~t include applied concentrations that reduce the suspension growth 
to s ~; to 10~; of the average solvent control or reach the maximum applied 
concentrations given in the evaluation -it@ria. Suspension growth 
is a combined measure of cell death and reduced growth rates. A 5% 
relative suspension growth therefo~~ could correspond to 90~ killing 
followea by growth of th~ survivors at one-half the normal rate for 
one day and nonmal growth for the second day. At the other extreme, 
this condition could be obtained by no killing and cu.nplete inhibition 
of growth for two days. A reasonable limit to testing for the presence 
of mutagenic action is about 80% to 90S killing of cells. Because of 
the uncertainty in the actual lethality of treatment in the assay 
and the fact that mutant frequencies increase as a function of lethality, 
an acceptable assay for the lack of mutagenic activity must extend 
to the 5% to 10% relative suspension grc~th range. There is no 
maximum toxicity requirement for test materials which clearly show 
mutagenic activity. 

7) An experimental treatment that results in fewer than 2.5 x 106 

cells by the end of the two-day growth period will not be cloned for 
mutant analysis. 

8) An experimental mutant frequency will be considered acceptable for 
evaluation only if the relative cloning efficiency 1s lOS or greater 
and the total number of viable clones exceeds about 20. These limits 
avoid problems with the statistical distribution of scoreable cglonies 
Jmong dishes and allows factors nc larger than 10 in the adjustMent 
of the observed number of .utant clones to a unit number of cells (106 ) 
able to fonm colonies. 
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9) Mutant frequencies are norm~lly derived from sets of three dishes 
for both the mutant colony c~unt and the viable colony count. In 
order to allow for contamination losses, an acceptable IUtlnt fre-
quency ca~ be calculated from • minimum of two dishes per set if the 
colony numbers in the two dist.as differ by no .ore than about 3-fold. 

10) The mutant frequencies for five treated cultures are nc~lly 
determined in each a!say. A required number of different concentrations 
cannot be explicitly stated, although a minimum of three a~alyzed 
cultures is considered necessary under the most favorable test conditions 
to accept a single assay for evaluatior. of the test material. 



ASSAY EVALUATION CRITERIA 

Mutation assays are initiatea by exposing cell cultures to a range 
of concentrations of test material that is expected, on the basis 
of preliMinary toxicity studies, to span the cellular responses of 
no observed toxicity to growth to coaplete lethality within 24 hours 
of treatment. Then five dose levels are usually selected for c~ 
pietion of the .utation assay. The doses are selected to cover a 
range of toxir.ities to growth with emphasis on the most toxic doses. 
An assay .ay need to be repeated with different concentrations in 
order to properly evaluate a test .aterial. 

Th~ minimum condition considered necessary to demonstrate mutagenesis 
for any g1ven treatment is 1 ~tint frequency that exceeds lSOS 
of the concurrent background frequency by at least 10 x 10-6. The 
b~ck;rou~d frequency is defined as the average wutant frequehcy of 
the solvent and untreated negative controls. The minimum increase 
is based on extensive experience which indicates that assay variabil­
i~y increases with higher backgrounds and the calculated minimum 
increase as defined above is often a repeatable result; statistical 
analysis for the confidence limits is not yet available. 

The observation of a mutant frequen~y that meets the minimum criterion 
for a single treated culture within a ~ange of assayed concentrations 
is not sufficient evidence to evaluate a test materi.al as a wutagen. 
The following test results must be obtained to reach this conclusion 
for either activation or nonactivation conditions: 

• 

• 

• 

A dose-related or toxicity-related increase in mutant frequency 
should be observed . It is desirable to obtain this relation 
for at least three doses, but this depends on the concentration 
steps chosen for the assay and the toxicity at which mutagenic 
activity ap~ears. 

An increase in mutant frequency may be followed by only small 
or ••~ further increases at higher concentrations or to~icities. 
However, a decrease in mutant frequency to values below the 
minimum criterion is not acceptable in a single assay for 
classifying the test material as a mutagen. If the mutagenic 
activity ~t lower concentrations or toxicities was large, 1 
repeat assay will be perforMed to confirM the ~tagenic 
activity. 

If an increase of about two times the minimum criterion or 
greater is observed for a single dose near the highest testable 
toxicity, as defined in the AsslY Acceptance Criteria, the test 
meterial wfll be considered IUtagenic. Sll11er increases at a 
single dose near the highest testable toxicity will require 
confinmation by a repeat assay. 



• For some test materials, the correlation ~tween toxicity and 
applied concentration is poor. The proportion of the applied 
material thtt effectively interacts with the cells to cause 
genetic alterations is not always repeatable or under control. 
Conversely, .easurable changes in th! frequency of induced 
.utants may occur with concentration changes that cause only 
small changes in observable toxicity. Therefore, either 
parameter, epplied concentration or toxicity (percent relative 
growth), can be used to estab 11 sh whether the 111tageni c act hi ty 
is related to an increase in effective treatment. A negat1ve 
corre.ation with dose is acctptable only if a positiv~ correla­
tion with toxicity exists. An apparent increase in mutagenic 
activity as a function of decretsi~g toxicity is not acceptable 
evidence f~r .utagenicity. 

A test material will be evaluated as nonmutagenic in a single assay 
only if the minimum increase in mutant frequency is not observed for 
a rangf of applied concentrations that extends to toxicity causing 
5% to '10% relative suspension growth. If the test materbl is 
relatively nontoxic, the maximum applied concentrations will normally 
be 10 mg/ml (or 10 ~1/ml) for water-soluble materials or 1 mg/ml 
(or 1 ~1/ml) for materials in organic solvents. If a repeat assay 
does not confirm an earlier, minimal response, as discussed above, 
the test material will be evaluated as nonmutagenic in this assay 
system. 

The ASSAY ACCEPTANCE AND EVALUATION CRITERIA are presented to acquaint 
the sponsor with the considerations used by the study director to 
determine assay validity and the mutagenic activ;ty of the test 
material. This presentation may not encompass all test situations, 
and the study director may use other criteria, e~pecially when data 
from several repeat assays are available, to arrive at a conclusion. 
The report wi 11 provide the reasoning involved when departures from 
the above descriptions occur. 
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Q.A. Insowction Statement 
(rtftrtnct 21 CFR 58.3S(b){7') 

Ll I Assay No. :i7/K 

This final study re~ort was reviewed by the LB: Quality 

Assurance Un 1 t en _.....,l_· .. .?r..o'"'")'-·..;;f_,~ ...... -- A reoort of findings was 

submi ttec to the Study Oi rector and tc fllanaoeme~t on _ _...! ..... • :J-.._1_·,.1;.-e;._....__ 
. 

The short•tt~ nature of this stucy prec1udec insot:tion w~i1e 

1t was in pi'"Cctss. The Qua~ay Ass:.:rance Unit inspects an in-process 

s~cy of this t~e ac;rcxima~e~y once per month ~o assu~ that no 

sign i fi,ant prob1e~ ex~st tht~ ape 1ikeiy to afftet the int.;rity of 

this t~e of stucy. 
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